Circular polarized photocurrent is observed near the electrodes on a few-layer ReS2 sample at room temperature. For both electrodes, the spatial distribution of the circular polarized photocurrent shows a feature of two wings, with one positive and the other negative. We suggest that this phenomenon arises from the inverse spin Hall effect due to local electric field near the electrode. Bias voltage that modulates this field further controls the sign and magnitude of the inverse spin Hall effect photocurrent. Our research shows that electric field near electrodes has a significant impact on spin transmission operation, hence it could be taken into account for manufacturing spintronic devices in future.
Introduction
Over the past decade, various electrical, magnetic and optoelectronic methods to decouple the spin degree of freedom from charge degree of freedom have been demonstrated 1, 2, 3, 4 . Manipulating the spin degree of freedom, however, is associated with long-standing issues 5, 6, 7 . The use of circular polarized light for spin injection and regulation has been widely studied in many materials. The resulting effects of circular photogalvanic effect (CPGE), anomalous circular photogalvanic effect (ACPGE) and photo-induced anomalous Hall effect (PAHE) etc. are widely found in various semiconductors and topological materials 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 . CPGE is traditionally gyrotropic optical media with a strong spin-orbit coupling, so that the effect is ordinarily controlled by angular momentum selection rules for excitation with circular polarized light. ACPGE and PAHE are derived from the inverse spin Hall effect of spin-polarized photo-generated carrier diffusion and drift under electric field respectively 13, 16, 17 . All of the above effects are the study of the circular polarized photocurrent of the materials.
However, as the device is miniaturized, the boundary scattering, geometric shape, and contact with the electrodes can affect the transport of photocurrent 18, 19 . Therefore, focusing the light spot on the micrometer scale, using the microscopic imaging technique to obtain the photocurrent mapping of the sample becomes an effective means to study the local photocurrent of the device.
In this paper, we use microscopic imaging technology to obtain the ordinary photocurrent mapping and circular polarized photocurrent mapping of the few-layer ReS2 sample. ReS2 has attracted a lot attention due to its unique properties, such as anisotropy, ultra-high photo responsivity 20, 21 . Unlike most transition metal dichalcogenide monolayers (TMDs) with stable hexagonal phases, ReS2 forms a distorted 1T structure with triclinic symmetry 22, 23, 24 . Also, spin-orbit coupling consists in ReS2 25, 26 . By comparing the circular polarized photocurrent with the ordinary photocurrent, we find that the spatial distribution of the circular polarized photocurrent shows a feature of two wings, with one positive and the other negative.
Further experiment and analysis demonstrate that this strange phenomenon is derived from the inverse spin Hall effect of the local electric field near the electrodes. Moreover, this local inverse spin Hall effect can also be controlled by an external electric field.
The discovery provides a new direction for the development of spintronics devices.
Result
Sample information and spectral properties Figure 1a shows the sample structure and experiment schematic. In our experiments, the sample is a Hall bar structure with two pairs of electrodes, in which the small electrodes are measuring electrodes and the strip electrodes used to apply In the photoluminescence (PL) and photocurrent measurements, a 532 nm laser is used as the excitation source, which generates inter-band transitions of electrons. The PL and photocurrent spectra are shown in Fig. 1c . The photoluminescence and photocurrent spectra of the sample. The red and black curve is the photoluminescence and photocurrent spectra, respectively. The 532 nm laser enables inter-band excitation of the sample in the PL and photocurrent spectra.
Ordinary photocurrent and circular polarized photocurrent
The scanning range of the two-dimensional translation stage is 50μm×50μm. 
Ordinary photoconductivity current
In our study, the photoconductivity current is defined as the photocurrent signal measured under an external applied bias voltage. By comparing the ordinary photocurrent ( Fig. 4a and 4b ) under different transverse electric field, we find that the photocurrent signal near the corresponding large strip electrode increases when a bias voltage in opposite direction is applied and the relationship is consistent with the ordinary photoconductivity current shown in Fig. 3 .
However, it is interesting that change relationship of the circular polarized photocurrent under different transverse electric field. We have found that the circular polarized photocurrent signal is opposite on different side of the same measuring electrodes and circular polarized photocurrent signal is the same on the same side of the different measuring electrodes as shown in Fig.2 . Now we find that the signal of the circular polarized photocurrent will change correspondingly with the transverse voltage.
Coincidentally, the active area of the circular polarized photocurrent also change with the corresponding transverse voltage in different directions (as shown in Fig. 4c and   4d ). We infer that this phenomenon comes from the inverse spin Hall effect due to the local electric field near the electrode and we will discuss it in detail in the next part.
Figs. 4e and 4f show the schematic of the local electric field around the electrodes under transverse electric field in different directions. Here we defined the D N is the charge density of the ReS2 and bi V is the built-in potential. The detailed derivation process is in the supplementary materials (part II).
The black arrow near the electrodes in Fig. 5 represents the local electric field owing to contact barriers. Circular polarized light produces spin-polarized photogenerated carriers and the spin-polarized photo-generated carriers undergo directional drift due to the directional drive of the local electric field. As a result, there is a spin current flowing in the same direction as the local electric field near the electrode. Due to the inverse spin Hall effect, a corresponding charge current flowing in the vertical direction of the local electric field will be generated (the red arrow in Fig. 5 ). This inverse spin Hall photocurrent signal is opposite on different sides of the same measuring electrode. We also did some simulations with current sources in different directions and found that they are consistent with our experimental results. The detailed calculation process is shown in supplementary materials（as shown in Figure S2） . The relationship of circular polarized photocurrent due to inverse spin Hall effect around the electrodes in ReS2 with the transverse electric field.
From previous studies 14 , we know that the circular polarized photocurrent due to inverse spin Hall effect shows linear dependence on the applied transverse voltage 14 .
We also find that circular polarized photocurrent due to inverse spin Hall effect around the electrodes in ReS2 has the same relationship. (as shown in Fig. 4c and 4d ). 
Materials and devices.
Single crystals of ReS2 were grown by the same Br2-assisted chemical vapour transport method. We used a standard mechanical exfoliation method to isolate few-layer ReS2 films. A conventional electron-beam lithography process (FEI F50 with Raith pattern generation system) followed by standard electron-beam evaporation of metal electrodes (typically 5 nm Ti/50nm Au) was used to fabricate few-layer ReS2 sample.
